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SUMDAKY 


The object of this investigation was to deternine 
the temperature pattorn in the rezion dowmstream from a cool- 
ing air orifice of an air film cooled simulated turbine 
blade exposed to hifh velocity and high temperature cases. 

It was particulerly desired to deterrine the pattern within 
the boundary layer of the flow over the blade since this 
pattern would indicate the degree of mixing and the extent 


to which the cool film remaired on the blade surface. 


Tests were made on a static rig with a flat plate 
used in place of a regular turbine blade, and with cooling 
air introduced normal to the blace surface. Tho Mech of 
the hot gas flow was approxirately .5 at a total terperature 
of 1215° F. The range of temperatures in the pattern was 
approximately 1090° to 1215° F. The temperature prove con- 
sisted of a small bead thermocouple attached to a micro- 
meter barrel. The probo was mounte¢ on a frame which rested 
on top of the test section above the blade so thet the probe 
extended through a slot into the test re;ion, being posi- 
tioned vortically by the micrometer barrel, while clamped 


at the respective horizontal locations. 
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The followin; observations wore made: 


Temperature patterns were obtainod within the 
boundary layer, showing a temperature cradient throush the 
bouncary layer that was proportional to the weirht flow of 
cooling air. The lowest ES found to be 
about 3/8" downstream from the coolin; air orifice. Verti- 
cally, the effectiveness of the cooling was necligible 
above .15" above the bla.e, and horizontally, the effective- 
ness appeared to be decreasing rather rapidly at a distance 


of 1" downstream from the orifice. 
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IRTRODUCTION 


The neec for increasing turbine inlet temperature 
in aircraft cas turbines in order to increase efficiencies 
and outputs has been recognized for several years. Turbine 
theory shows that for a piven capacity or airflow the powor 
per pound of air is proportional to turbine inlet tempera- 
ture. Since the temperature increase is limited by the 
high temperature strength of the blade materials, consider- 
able effort has been expended in trying to find a suitable 
means of cooling the blades so that they may operate at a 
tomperature below that of the surrounding gases. Kef. 2 
ciscusses the need for tho hi,her inlet tecpveratures anc 
points out that the successful method must take into ac- 
count fabrication problems and stress considorations of the 


completed blade as well as derrce of cooling. 


Up to now analytical investigations have not been 
very successful. The mechanism of flow in the boundary 
layer surrounding a turbine blade is not yet sufficiently 
understood to make accurate quantitative comparisons. The 
convection heat transfer coefficient from blade to coolant 


is needed for a theoretical analysis. This involves the flow 
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of heat through a boundary layer. The equations for temper- 
ature variation in a laminar boundary layer have been sot 

up but involve nine equations, five of which are differential 
equations, with nine unknowms. And for turbulent boundary 
layers, the equations are more difficult. Since solutions 
are impractical the field of experimental investirations 


must be turned to. 


One of the more practical methods investirgated is 
film cooling, an attempt to substitute a boundary layer of 
cool air over the blace surface in order to inhibit the heat 
transmission from the hot sases to the blade. While this 
method appears to be worthy of further development, it has 
been observed in tests to date (Ref. 6 and Ref. 7) that the 
effectiveness of the cooling air film decreases rapidly 
downstream from the cooling air orifice. This is not zood 
for turbine blade cooling as the dlades must be very thin 
in the area near the trailing edge so that cooling air would 


have to be introduced well forward of the trailing edge. 


‘ince conditions within the boundary layer are of 
prime importance in this method of cooling the object of 
this investigation was to determine the temperature patterns 


in and near the boundary layer of a film ccoled blade with 
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the hope that a study of these patterns might give more in- 


Sight into the phenomena of film cooling. 
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T25T SQUIPHENT 


Test Blade 


It was decided to use the same blade that was 
used in the investigation described in Ref. 7 since it met 
the requirements for this invostipation. Fig. 7 is a pic- 
ture of the blade. Use of this blade was considered parti- 
cularly advantageous since it gave a flat surface and it 
was desired to isolate the mixing tendencies of the hot 
gas and cooling air and not include the effects of blace 


twist or of turning of the flow on the mixing. 


The blade was made of thin, mild steel, wes flat 
Sided and had zero camber. Only the first of the five rows 
of cooling air orifices was used in the test. There were 
33 holes to a row, each hole .04" in diameter. Only the 
top surface of the blace was coolec, the cooling orifices 


being normal to the blace surface. 


The cooled surface of the blade was made equal in 
area to the total area of an actual J5S5 turbine blace. This 
feature allowed a rough comparison to be mace to the cooling 


of an actual turbine. 
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Temperature probe 


The temperaturo probe is shown in Fir. & anc is 
shown in position on the test section in Fis. 10. The ro- 
guirements for the probe were that its horizontal, vertical, 
and lateral position with reference to the test blade be 
known and that it offer a minimum disturbance to the flow 
over the blade. A consicerable propertion of the time spent 


on this thesis was devoted to the construction of the probe. 


The ends of a “U" shaped frame were bolted toa 
flat plate. The stationary element of a micrometer barrel 
was held in place in the top of the frame by a set screw and 
the moving element extended dowm and acted against a thermo- 
couple holding piece which moved up anda down on cuide rods 
between the top of the frame and the base plate, being held 
tight arainst the micrometer barrel by spring pressure. 

The thermocouple wires just above the beac were in a ceramic 
insulator which was held in place in the thermocouple hold- 
ing piece by anotner set screw with the bead end extending 
through a hold in the base plate. In erfect then the bead 
was constrained to follow the movement of the micrometer 
barrel and the micrometer reading could be taken for any 


point. 





“vw. 





ely, eveterersy 


A) 8 OT te ee 8) tem feelers Of 
-—— et 20h .6r)  ahdeeere een eee @ wheiam & ands 
| Jerire Semmetna ed) Jai ewe mlegy bal ocrremry lam 
me eel pee wl Ct corer ie Ade wedi fer dewctial Gee 
a ee ee ee oe | 
Pret arth ath tr eel peep ehipwt iets 6 .stal) of cere 
a me We TO kk OF ee Se Sr Bie eras ED 


bP arsed Coe et Dee 6 Mh A 
lerye! rere tee fe omntt pel tinw a ey sat 
nd pert tata Genet an & et OO @ atin a ed oe 
AP 2 fawkes O87 Ow a Leeder GE ® (niece ore 
eT te Sk te ee ee ee emg ore Mee 
Me et Lend) Ore ee eet ot) Se ont oor cmeetet 
(ee CATT ete mummwle Oo sels Oh 
wee | pee ne ll wry PR et el ycaecete” @F 
OO ager et! bm OF Saad ge Cone “eat 
avnetes 2 peg oe Oy argo tr? tien BO oe a 
rtm ae tee sete ASG Ones Mee 4 Kime © opie 
Teme on) (emai “ash able) 4 Lemar oe 
Se Wh cates a) thew totheny Verena im et ne Lerted 











Another flat plate somewhat larger than the probe 
base plate was bolted to the top of the test section and 
hac metal zuides on each sice so that the probe could be 
moved fore and aft on it but not laterally. <A scale was 
scribed on one suide and a scribe mark placed on the prove 
base plate so that its horizontal location could be read. 

A wing nut set screw was threaded through one cuide to bear 
against the probe base plate ard hold it at any specified 

horizontal station. A slot in the center of the plate and 
the test section wall, paralied to the direction of the ras 


flow, accomodated the extended probe. 


In order to positively establish the puint of con- 
tact of the prove with the blace a 5 volt potential was put 
across the prove and the blade with a small light anda 
switch in the cireuit. with the switch on, the light went on 
when the prove contacted the blade and when the switch was 


off there was no interference with the temperature reading. 


Temperature Recording oysten 


All thermocouples used were iron-constantan and 
were read on a Brown Kecording Potentiometer having a scale 


from 0 to 1600° F., readable to 2 5° F. Thermocouple beads 
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wero formed by the arc process using a morcury pool covered 
with lubricsting oil. Burner air ‘nlet, cooling air inlot 
to rotameter, survey probe, and test section reference ten- 
perature were recordec. The latter is referred to as ref- 
erence temperature even though it was an attempt to fet 
test section total temperature. A raciation shielded total 
temperature probe was used but it consistently read about 
80° F. lower than bare thermocouoles in the vicinity. After 
carefully checking the set up and noting that other stucents 
doing thesis work with ciffoerent but comparable probes had 
the same difficulty it was concluded that since the probe 
extended no more than 1” into the hot gas duct, the conduc- 
tion from the shield itself to the outsice was the probable 


cause for the error. 


in conjunction with this test section temperature 
probe, test section static and total pressure probes were 
used so that the Mach number of the fliow over the blade could 


be deternincd. 


Hot Gas Syster 


Pig. ll is a picture of the test cell and shows the 


basic elements of the hot gas system. Fig. 9 is a picture 
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of the control panel for the test cell. In the test cell was 
ea Lycoming, Kodel 0-455-T air cooled ensine rated at 162 hep. 
at 2800 K.P.M. driving the air compressor which was a 7.48 
to 1 gear ratio supercharger from ar. Allison YV-1710 aircraft 
engine. The air delivered by the supercharger to a large 
manifold was ducted to a single Allison JS3-A-17 turbojet 
enfine combustion chamber. Combustion was started by a 
sparkeipnited acetylene flame and combustion tomperatures 
were controlled by the burner fuel pump bypass, for resula- 
ting fuel flow, and by the engine R.P.M. which controlied 


supercharger flow rate. 


The hot combustion gases were then cucted througn 


the test section to an exhaust manifold. 


Air flow to the burner was measured at an orifice 
on the intake side of the compressor. The orifice was 5.6" 
in an 8" pipe and radius type static pressure leads were 


connected to a water manometer at the control panel. 


Fuel flow to the burner was measured by a Fischer 


and Porter “Flowrator" tube # 54-60 on the control vanel. 
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Cooline Air Svsten 


Coolins air was supplied from the compressed air 
system of the Mechanical Engineering Building. Pumping 
capacity of the system was preater than the maximun flow 
rate. The cooling air flow rate was deternined frona 
Fischer and Porter "Flowrator™ # 5A-25 tube calibrated at 
100° F. and 14.7 psia. Cooling air temperature and pressure 
wore measured at the entry to the flowrator for converting 
the measured flow rate to the actual conditions of tempera- 


ture and pressure. 
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TOUT PROCEDURE 


The requirement of the test procedure was that 
conditions in the test section remain constant during a 
given run. This requirement was met by maintaining the 
test section reference temporature and the burner airflow 
constant. The procedure was to maintain the differential 
pressure across the burner air orifice constant by varying 
the R.pP.M. of the engine with the throttle. The reference 
temperature was held constant by varying the burner fuel 
flow as measured by the fuel rotameter. in both cases the 
adjustments during a given run were very slight and the 
test conditions were apparently accurately maintained con- 


stant. 


The desirec coolinzg air flow was maintained con- 
stant by holding a given air rotameter reading for a given 


run .« 


The procedure for petting the probe temperatures 
was for the author to remain in the test cell and aftor test 
conditions were established to establish contact between 
the probe and the blade ard then to make predetermined set- 


tings above the blace using hand signals to indicate to the 
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control personnel when to read the Drown Kecorder. The sare 
procedure was repeated for each selected horizontal station 
along the blade. Tables I, II, and III list the observed 


data for all runs. 
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RESULTS Aku UISCUSSTION 


The results of the investisation are presented in 
Tables I to IV and the curves of Firs. 1 to 6, inclusive. 
Figs. 1 to 3 show the temperature profiles at each herizon=- 
tal station for the three runs while Firs. 4 to 6 show tho 


temperature patterns above the blace for the three runs. 


There were somo limitations to the accuracy of 
results but none that was not expected. Ipfnoring small 
radiation ard conduction losses, the survey temporatures 
still were not exact because the recovery factor for a ther- 
mocouple in a high velocity air stream is approximately 85 
per cent (Ref. 4). For the test conditions of combustion 
gases at a Wach of .5, Ts/To is .96 (Ref. 8). So an error 
of .G of one per cent would be expected which would be 9° 
error at 16609 R. However, this relatively constant orror 


would have no effect on the temperature profiles or patterns. 


Because of the impossibility of measurin,, temper- 
atures at the mathmatical concept of a point, no readings 
were actually taken at the surface of the blade. Informe~ 
tion from Ref. 10 would indicate that the effective junc- 


tion of the thermocouple bead would be approximatoly the 
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diameter of the wire, .03", above the tip of the bead so that 
an error of about .03" was probably present in all specified 
vertical positions. This did net affect the validity of 

the results, however, since the turbulent boundary layer of 
the flow over the dlade was about .07" (see Sample Calcula- 
tions), so that temperature readings were definitely obtained 


n the boundary layer. 


“icse 1 to 3 show the gradient caused by the cool- 
ing air. The fact that the gradient was caused only by the 
cooling air, and not by conduction from the blade or some 
olner reason, Was established by makinz surveys with no 
cooling air at all horizontal stations on run ,2 and at two 
horizontal stations on run #3. In each case the tomperature 
throughout the boundary layer was found to be constant and 


to be the same as the free stream temperature. 


There Was virtually no cooling effect more than 
»15" above the blade. Figs. 1 to 3 show the profiles to be 
nearly vertical lines above that heicht. This would seem to 
be a good point for the film cooling method since it indi- 
cates that much of the cooling air is held near the blede 
even when injected normal to it. This result is not in agree- 


ment with the suggestion in Ref. 5 that because of the low 
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momentum of the boundary layer cooling air passes through it 
almost undisturbed. However, the reasoning may well apply 
to the laminar sublayer of the boundary layer wi-ere no 


measurements were possible. 


A comparison of Figs. 5 and 6 shows the effect of 
increasing the cooling air flow for a given burner air flow. 
Increasing the cooling air flow from .36 lb/min to .56 
lb/min increases the maxinun cooling ef'fect from 60° to 120° 
Fr. and changes the shape of the temrerature pattern in the 
resion near the orifice. The smaller weight flow appears 
to be swept along by the hot cases while the larcer flow has 


considerably more penetration. 


Fics. 4 to 6 all show the point of maximum cooling 
to be about 3/8" downstream from the cooling air orifice. 
there seems to Le no positive explanation for this result 
but it is possible that at this point an optimum relation 
exists between the factors of mixing of that part of the 
cooling air that penetratec the DYoundary layer and convec~« 
tion heating of that part that did not penetrate the boundary 
layer but was carried downstream with it. As you fo further 
cGownstream the coolin;; effect falls off. This rapid decrease 


in, cooling effectiveness downstream of the orifice has been 
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noted in Kkefs. 6 and 7. Uowever, the point of maximum cool- 
ing has been seen to be 3/8" cowmstream, a reasonable dis- 
tance when thought of in terms of the dimensions of a tur- 
bine blade. Further, the increased penetration of the 
preater cooling air flow shows that it is quite possible 
thet the point of maximum cooling night be moved further 
cuwnstream witn some particular combination of angle of 
entry, velocity, and rate of cooling air flow. If the 
point of maximum cooling could be moved further downstream 
the method of film cooling woulc appear to be very pronis-~ 
ing and for that reason it is believed that additional 
tests should be made with variable coolinr air velocities, 


entry angles, and weight flows. 


The area of the cooled surface of the test blade 
was equal to the total ares of a J335 turbine blade so that 
@ rousk comparison to an actual blade could be made. le- 
sults show that the maximum cooling air flow used in this 
investication compares to 1.6) of compressor air for com- 
parable coolins of the J33 engine (see Sample Caleculmtions). 
Ref. 2 indicates that up to 7% of compressor air is reason- 
able for cooling but it must be remembered that the above 


comparison is rough sinee coolin; is a function of other 


variables, not considered here, such as Keynold's number. 
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CORKCLUS IONS 


Because of the limitations imposed by the use of 
a static rig and a simulated turbine blade no conclusions 
can be made rerarding the tomperature pattern in a film 
cooled turbine but the following qualitative conclusions 
were reached for the equipment used and the conditions of 


he test: 


1. Where no cooling air is introduced the tem- 
perature within the boundary layer is constant anc is the 


same as the temperature of the free stream. 


2e vihen cooling air is introduced there is a 
temperature fracient through the doundary layer. This is 
true for a distance of at least 1" aft of the cooling air 
orifice. Since the fradient begins to fall off at about 
5/4" downstream from the orifice it would appear that the 
effect of the cooling air is very small beyond 13” to 2" 


downstream. 


Je The lowost temperatures were found to be about 
3/8" dwmstrean from the orifice, very near the blade sur- 


face. An explanation for this micht be that at that dis- 











a 





—— eee) Cee rere ae Se Cee 

oe beth met eh OT? bedeeeese 2 ore 1rT teem © 
et © | ate Tee meee 2ff ee lehors ace A re 
hae tat ee AILEY a VON BAL ney 

Ree wt ee ae ene a wt eet er 

me anes 


a 


EN me oe le oe ree 3 
ou (aaa ot Spe ra tt LAE ese 
—— ot pemrmaes e es 


ee eee 
“my =—— a Ab Gefiryh dat Lend, annie! 
1 NS rend ee Oe 
rg (i oe eee rene cone 
Se ee 
a fe ree etme te tt te pmttane one ae emmy 

mum 


ee ee et te em er ere We 
th Fe ee we me ae ee otpeeqae ed) poset 


tance downstream an optimum relation exists for the factors 
of mixing of that part of the cooling air that penetrated 
the boundary layer and convection heating of that part of 
the cooling air that dic not penetrate the boundary layer 


but was carried downstream with it. 


4. The temperatures within the boundary layer 
varied with the rate of coolin, air flow increasing rates 
of cooling air giving lower tomperatures. lowever, for a 
given installation the larzer cooling air rates give preater 
penetration of the stream so that for the practical use of 
cooling a turbine blade there would be a maximun efficiency 
beyonc which the increased velocity and censity of the cool- 
ing air would give deen stream penotration but possibly poor 


film cooling. 


5. The cooling effect was negligible above .15” 


above the blade. 


G. Contrary to the reasoning that because of the 
low morentum of the boundary layer the coolins air passes 
through it almost undisturbed, the results show that part 
of the cooling air is swept alonz in the low velocity 


boundary layer. A bouridary layer thickness of .07" is 








ret or wr ey ee ene 
Se fat the genes a) te Spey tee te gah te 
ew ee eee 
dk a ae eee me BU dake Te ki oes 
40 Ae ee Te ee oe 


eee a le = 
ee ee <time > am ou oc aves 
ee ee ee ee 
Whey, om ede tie & ies ere a ei Dele emg 
1S ad Sicha ay SY Se octave ext Sn erection, 
Ras mame 4 Mr ee eek! tl Per 6 elle 
on ee tee pe SS eae a ae 
—y Caney cer see, mete pes evi Mma ah 
sep tie ats 


TL a a 
O24h0 wee we 


Se Pe eee 
sorted © ht =< % angel pritind Gd ts emi mas 
ey tert eet eee oe eerste Pee 8 OY 

in me me es eke Over at ete tie ot 
2) er ee ee eee ee 








«- 29 ow 


typical while the probe actually recorded temperatures to 
as little as .03" above the blade and indicatec a definite 
gradient there. However, it is quite possible that the 
lacinar sublayer of the toundary layer did offer little 


resistance to the passage of cooling air through it. 


7. The temperature patterns cover a range of 
about 1090° F. to 12159 F. for a burner air to cooling air 
ratio of 132 lb/min to .56 lbfmin or 236 tol. A rough com- 
parison to a J33 jet engine would indicate that a 1.67 of 
compressor air bleed off for cooling would be necessary to 


give the samo desree of cooling to that ensine, ignoring 


dynamic offects. 


3. While the temperature reduction was not ex- 
ceptional in this method of blade coolinz, the temperature 
vatterns do show: 1) a cooled boundary layer for a reason- 
able cistance downstream; 2) the lowest temperature to be 
somewhat downstream from the orifice; and 3) a pronounced 


- rates of coolin:; air 


ay ww 


effect on the patterns with varyin 
flow. It is therefore concluded that more tests of this 
nature should bo made with various entry ancles for the 
cooling air and with various sized slots and orifices in 


tre blades. 
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Run 1 Kun 2 Run 3 
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*Based on JSS turbojet engine. 





7 Ame 
a Tas - . 

- ae : ow ; o- 

EL. As 99 ba.¥¥ yee 
+. i3 tei" a 
ree Cs Saad r 
ie. ub. . ov 
We a Aas ~ 

Al é. ei A 
™ ‘ i a’ 
A, $3.4 as i» 
o e “ = 

Zi tee © 2 we 2 5° , Pa 
Ph mae “Ee. ive © =z. ey, 
i aes atl w* 
boy, POL. ALO. simak OI 
nit eeu 

Wes Seed Med grits wi 
"i © Wt! he © fed ‘oh 4 #221 ow. 











he 





a o 


sini are SS, a eee? 





¢ 
t<e—p-- 


' 


Tt? 
Sette 


} 
{ 
1 
i 


wi ‘ 


12:40) J2L0) 


T 
1t 


2 





ae. 


merge 0 $e qaend. 


bee 


if 


—_ 


t 


2 


ree 


| 


<4 
“+ 


=, le 
“aS 


RS 
Trt 


- ges § ree 


- 
a 
~ 


—.- 


—_—_- 


te: 
nab 


Ro 
Mee, 


Ta 


at 
¢-* 


4 
‘ 


h pee, 
es 
t ? 
~2y- 
trad 
ke 
7 ~7r>~ 


++ 
' 
ae 
ter 


gaia te 
ial 
a 


ete 
4—-b- 


1 

et 

ave 
ele 


~ ef 


«b+ 
a 


' 


4 
“he * 
a hag ad, 
milf Loe 
xe 4~ a 


4- 


ae pe 


dale e 


4». 


+ 
t 


ric 


= 4 pe” 
1 


4 = 
rt wee 


gL 


pope 
+ 


tae, 
i, 


4 
~~ <- 


anh 4 
a Ae oh 
ate 
Sand 


aed at ~~ 
tae 

+> 
a ats a 


ry 

Stirs 4 
icy 
oe 


vet 
re 
at; 


ewer - Pabe o@ 


re + 


+ 


i pi 
a 
att: 
4 


{ 
ee3 4 oe 


ae 
hae §. 


+4 


“4 ae 
1a 
othe 
‘set 
rit 


wh Ane — 
a ee 
oan 
et 
oat 
—g-ige = 


we 


ig 


7+ 


+: 


fe 


we 
t 


ie 
en] 








* 


PEL se 
+e 
ee 


- 12,00 


— 


° 


. 


C4 
a 


f 


— 


{G69 


or. 
toe gt} $e = are ae 


4 ' =" 
a 


Ss 


“KO 


‘+ 


i 
iz 


ted bb 


a ae i 
Wits 


ee 











.--———e 4-- 
. ' p 


| 


—— 


i 


| 


bs. 


at 
| 


e ee tb 








Se ee ee Eee — 
2 ’ ’ 


pe = + 


? 
Peep 


t 


= 
O 


es 


te 


ee 
s 
: 


+ 
$+ 


pe 


ae 


as 
act 


3 
4 
t- 
$55 
| 


ee 
{ 
| 3 
Tae 
{ 
i 
f 


ae 


, p= 


= 


Sits trots be 


j 


i enantio 


4 

t 
“| 

_ 


we gn ¢ 








-33- 





Fic. 7 
7é8T BkADE 


ee 





A ——f 
i me 
‘ 


23 | 
a} 













= 





eal 
He ee 


a. 


\ 
; sales - Dodyiiit 


TEST $taare 





Fis. & 
TEMPERATURE SURVEY rob 





Fic. 9 
ContRo. PANEL 





_ Fre,/0 
/Est SECTION 





= = ~~ Be nr 1 
i \\ 


Wy] wcs/ 
Jy °9r4 





-36- 
Peo CAL CO LAT Tavs 


Cree ee = for i011, # / 


ie I “Aga Cues ZA ev 


Wan = 668 Ask Veoh, (Ret.7) 
A,= 24.6" 
Koei f 
yt SZ One Xa Pen 
at 


“due 





~ 5 67 \faqa2 KTS 
VA — x , ey aes | Boa ae Le Z u LB/s ec 


cre 
ip ae | a VA _, Phusion pa 


50 





Abe, =/2 Par = 24Y¥ ty 
Vee 2G pa 
eee is CC ee ne 
on ee =— 5.12 Fr hy 
[Bete x 555 /@ 
53:65 5o0_ 


By) 2 Ge) 7) WB , a Ge L B/y |. 
FT 


Fuck On Kolio 
Ya = _(¢5 =e -OISS 


Cee ee (Oo 








a= 
Peat acrtien tf ) 
Joy he Ne y. 
Py Dero 
rox ba) 3ord Gin. 6s7 Ala. 4K (Ro8) 
i 
Aik or Mts 
ie iva. = eC A ee 
Py = 


ES ow a ere oe 


Vpn an 4 2 
A= 1S. ries - 


Vz 


See Se ee ae 


$12 FT/séEc 





Tr, = /660°R 
CO =f foo Filsec 
Mr-= ¥ Pe 
Ts OG J/GSV 
LPL = 


4g 4S — 5,6 4RVER 
ar 


a f ( Comandaring — fad f- A-cds ) a 5 / 
oc: earenaa 33 Katine 


Peele = 244/75 Sh] © Con: por Clade 
ee, x 21n7% = 1/75 bB/y, Tel CA. 

| 4 (wee XK 2, PSS =o // 3,000 HEY Tefias Os 
eee = OA XC 

jf 3 300). 


~~! 
AWOL LET Cn. 


wn] 








~33- 
Teat feelie, A tyes clole Puarlern 
T= /660°R Aa. 4K Fez 2230 Yo 
- = Ao = 0253 Mey . 
Jy = 170-9 port penaetes I 122 : (Repl) 


F23+i20Jj L275 


pes $00 x 107° paovats =Al.g X jo-® Ay 


fez Ub Fe use’=X 
Me Quy= 1950 PT/gee 


Rea (0% SEA B¥OY, Yo) /. 39 x /05 


Down doc. Se Thirk nae — ( Twrhekot ) 





S . .37h ( Se ee, \ HH IN. oe 9 he 
— be . 
AAR 
ae ek NM 
4 = _ K%) =.005772.07 


Vi38x/0% 











- 
7 
= 
= 
=-_ 
a 
a 
=- = 
- 
- 
_ ’ 
- 
- 
- 
= Oa 
— ° 
: ‘ 
- - 
- 
=- 
- 
: 
- 
-_ > 
- 
-:> 
- - 
-_— 
- - 
- 
= 
- a - c 
- - 
a < 
= - « 
- 
- 
= 
_ 
= 
— = 
o 
_ x 
= 
- - 
- an =- 
= 
~ - 
= 
: 
= - 
- 
~~ 
= 
- - 
- 
-_ 
a a - 
- 
=! 














Thesis 16265 
29 Terry 
A temperature survey 

of the region aft of a 
cooling orifice of an 
air film cooled metal 
surface exposed to 
high temperature and 
high velocity gases. 


thesT29 
A temperature Survey of the 


UOT 


768 002 03455 5 
ure KNOX LIBRARY 





